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Prototype Real-Time Monitor: Executive
Summary

Context

The task to study implementing a real-time monitor (RTM) resulted from the Software Engineering
Institute’s (SEl) involvement with the Ada® Simulator Validation Program (ASVP). The ASVP
introduced us to the needs and constraints of real-time flight simulators. One of the goals of the
ASVP is to produce well-engineered designs that exhibit modularity, abstraction, information
hiding, and that are well-documented, reliable, extensible, modular, and maintainable. The em-
bodiment of these attributes in the resulting Ada system introduces new problems to the flight
simulator world, problems which do not exist in the traditional FORTRAN environment.

One problem is the ability to monitor the software of an executing simulator and to tune its
performance dynamically at run time without interfering unduly with the timing and control struc-
ture of the application. To do that requires knowledge of the organization of simulator memory
and the ability to traverse this organization. Because FORTRAN common blocks are traditionally
used in flight simulators, this knowledge is readily available. But when one attempts to impose
abstraction and information hiding on top of Ada’s control of the application’s address space, the
process of seeing inside an executing application becomes difficult. Add to this the dynamic
nature of Ada’'s run time memory management, Ada type constraints, and the need to operate in
a distributed environment, and the problem is compounded.

The problem, then, is no longer one of simply looking at a static address map and locating the
parameters of interest. Indeed, with the size of current flight simulators, even the oid FORTRAN
solutions are being stretched to their limits. But as we shall see, this problem is not unique to the
flight simulator world (see Profotype Real-Time Monitor Requirements [1] for additional informa-
tion on the constraints imposed by a flight simulator on a monitor); rather, it is one specific
instance of a more general problem: monitoring any system where the data to be studied are not
known ahead of time.

The real-time monitor task was undertaken to address two specific technical questions raised by
the ASVP contractors:

1. How can user tools find, access, and display data hidden in the bodies of Ada
applications?

2. How can user tools be layered on top of Ada applications?

The real-time monitor task resulted in the prototype documented by these reports because the
ASVP contractors needed a monitor tool, but did not have the contract resources to develop one.
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Results - 32
The major result of this task was a working prototype real-time monitor, built (using reusable LY
parts) to test our technical solutions. The prototype was delivered to the ASVP contractors to use :;-
as they saw fit. A full set of documentation was developed to support their use of the prototype. «j,.': f;-
These documents include: N
e Prototype Real-Time Monitor: Requirements [1] ®
] \J
« Prototype Real-Time Monitor: User's Manual [3] OB
« Prototype Real-Time Monitor: Design [2] &
2,

& Prototype Real-Time Monitor: Ada Code [4] i N
Again, the primary purpose of the prototype was to test technical solutions, specifically, solutions PN
to the questions raised above: 3.‘ "3

DY
1. How can user tools find, access, and display data hidden in the bodies of Ada r:
applications? i
‘ We found that we could treat data addresses as abstractions and still use them to ’.f f_
access memory (once an address was computed, discussed below). Once the data ;}
was acquired, it was easily converted into displayable form using (text_io). S :,; .
2. How can user tools be layered on top of Ada applications? o N
N
For lools that require address information about Ada objects, certain limited ad- N
dress information is available within the language (if one is willing to tolerate a large .o
amount of hand crafting). However, automation of these tools requires access to Sl
compiler and linker generated information on memory allocation. Currently no com- o
piler makes this information available. This problem is not peculiar to software a
monitors, but comes up again on other tools that need address information (such as W o
performance analyzers, hardware monitoring devices, and program partition tools). - ;: '
r.
Other Issues EAING
During the development of the prototype RTM, several significant side issues were uncovered, .'-‘_'
but which were beyond the scope of the RTM task to pursue: . j:“
1. The role of reusable components (which were extensively used in the RTM devel- P
opment process) and their impact on design and implementation (o be discussed in ‘
a future paper).

s %

2. The use of object oriented requirements analysis and its impact on software design.

RS

3. The butfering scheme developed for the prototype RTM has potential utility in other )
applications (to be discussed in a future paper). S t:.'

" e

Nature of the Prototype

The prototype real-time monitor is just that: a prototype. To bring the prototype up to a fully
capabie RTM would require:

o Complete implementation of all requirements documented in the Profotype Real-
Time Monitor: Requirements [1].

o Comprehensive testing and evaluation of the RTM.
o Integration into a raal-time application for performance tuning.
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The prototype RTM is intended to be a simple tool that can easily be rehosted and extended. It is 3
not intended to be an example of what a well-documented system should include. Since it was a 8
prototyping effort, no standard documentation or development methods were applied, nor did we ;
attempt to solve all the traditional “monitor" problems (determinism, predictability, interference, .':
0 etc.). -
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